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A data reproduction apparatus and method 
capable of improving data reproduction 
performance by adjusting the filter coefficients of 
an equalizer (106) including a digital filter, and 
connected before a Viterbi detector (114). A level 
of the output value of the equalizer (1 06) is 
detected based on a reference level set in the 
Viterbi detector (114), and a level error of the 
detected level with respect to a predetermined 
reference value is detected. The filter coefficients 
of the equalizer (106) are adjusted such that the 
level error is minimized, thereby improving the 
detection performance of the Viterbi detector 
(114). 
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1. &#-&4&#:*J3t, fl^*.-f-^*i&**/& 

M 'It (PRML) & & *J 4Sl& , #i&n!k$r&te: 

it. tt&JfSt+ilUfcft'.b'fc. 

*-**£-f"***"* **»ft t«*+AitiMl &^«L 

3- 2 *M*«$ft4*4Ml-at4h. JfcttJf 4 £41 

ft#*§*ft'hf 0 «^tf-^#ik#*f 0. 4|Jt«T- 0 
20 #iE + (S|fc^, *4H*f-0 tf*Uf#**Jfc# ft -fr-MS:*!*!^ 

^^^i#pft t^^^^^#^m^^^#^m4Lr«]^4-^^^-«-^^« 

25 3 ****#**#*-J-**H4t. M^tH***********,*. 
**»*^t* 3 -HI*JMMI:*4H^*£«4fc. M*t«*#**^'^ft 

5- 2 6$ *fifciMfc**M5fcJUl 



i 




if- 0) & |3] #) & <£ . 

*#Ti£*&lfr 3S tflfr tfeflL » #«t*J-i»^ & 4 (S) # 

25 ; 



11. 10 ftS&¥j$k&#$Li£&, ft 

12- 10 ft 4& 

15 ^*Mr***A^«^***#«:**ftJlllife**'h-f**^-f- 0, 

14- rMs.*J#* 10 /^i£^*U&#3&-&3-> *l ft 41 £ 

30 16- :Mk.*1*#. 15 tfi*#«4*#«.-S$-. **, #T i^«:^/#^#r*J H 



17- 15 ft&M}&&#%LiSt&. 

(a) 4MH»:l£*f H 1 tf — t-f-JUMf JfrS * 
15 20- -M**'J-£#. 19 #fi£#&#-?M«L3r>&, £jM*( a )+. ftjfcS. 

20 21. *»*L*I*4^19^6^*I»#«.^*, *M£lM*(a)fe*: 

(al) fll^U^^«lfr!fc^«>hi^^#«:#^^*^'J-f- 0. *» 

KU**-?- 0 *J3|Jt*P— >NM£#:«*-f 0. 0 

*■ 

25 (a2) 4fr*i*&-f-4*4rJE*»ft + PML+M>*>*1kllHL*1»&±*{k*. 

22- *fc*J#*19J*i*#«4*#*;8r$fc. *M£9-*(a)&*: 




(a2) feXUfr&^ikfLftSLfcft fL&*L^¥)%L&4k&ti.*>te&*Jt&<. 

(ai) &&jxm&%mB& 

(a2) fem&&%&^#}&ft4k&&frte&&*&^W#J • 

24- *&*}%4L20m%i#}&&&%L7r&> 0T&&®.(a)&'£i 
(al) 

10 -TO, #3-tt&&ft^i£i£yLft4k&#}i&*t&; 

(a2) ^*^^^^^#&^^^^^^*t<l.^^i5--^^.#«:^^^ 

(a3) 4fc«*i&«J-**«(a2) + *** U^iEt W 
15 £**A*H«$*A*«***-MUfc ; 

(a4) ^*^^^^^#*^^Tt^^^^^^^^^i L ^--^^#liL 

(a5) 4fc**£-F£ir«(»4)**fc# Jt*iE4»«|*+*MUMM§4t*»*l 
20 £##A*Htt4hftA*&*-*-f-«A - 

25- 19 /^i£^&4&#i&2rj&, **. £lN*(b)+> /*ri£#j 

26- # 19 £-^«*(b)+> 

27- 19 ^r^^ft4t#iEJL^}*» £lN*(b)*. 

30 28- *»jM«l#Jfc 27 #i£*$*:4&.?Ml:5rg?, i£ &&$-%i(c) : Jft*.0fi£Mj 



• 29- 4r*L*l£4L 28 0T&M)&&&%Lzr}}: , £+. £->Mfc(c)+. £/*ri£ 
5 30- *>;M'J-&* 28 /^i£6$*U&-M,35r&. £##L(c)t> £#fi£ 

31. 30 ^i£#&4&#3l>5rj&, 4-^(c)t» &m*P 



6 



<!±t&tfft4&#3l-iS: 

5 

B * ft «Mfc*r«ft4* 1 6$ (level error)**! *.<h*7#*l 6$ 

ft i&#JM: 

10 — 4& • £>4€thT-Bp^°^^t^^'felM *li(partial response maximum likelihood, 
PRML)*a:£4£*. &4*m#*t(Viterbi)/$M9> #i # £ 
it 

##*#^2f*#->M3i5t6$*:*fc^. fi£;&#]ft4&#-&£<£6<>iiig. 

# £ *$ ^-^B EE ife ftlfc . 

ffl 1 7*kl t$L%imB#l &4A*lft^#4fc3S(ADC)10*l 
#A##(RF)f£^&4r^#. 4M**Ht ft 12 *»;fr»3*ft 14 **J|M* RF 

DC 4fe#^**Mf;&iL, M^^^^fg 16. 3T fc^Mfc 
20 H&*Jft 18#r*J-#^<t^jgL^^B^tb^^^e7^(^^)ifc^4Lr«l^^ 
&> epi^e*). &48&^-ir#.ft^ £ ^(digital versatile disc, DVD)j£#,£ 
(compact disc, CD)*# 3T(*t T # 10 |S| lift) . *5j#fiS 16 *#PM*.;+''fc& 
&&ft(FIR)#&. 

3T fc*-9Ufc4fca|g 18 fi-J & & 21 $ ft-ft 

25 ?ft 20 £*Mfr*.T. 20 

6*$#r2i 16 41.^** «^ ft W^,, Jtf«&ft*t*t*?i3l**$lfcftj&ft Kb# 
K.. J^JM^AU^ft 16 4fr 
3T 4*3*1 ft 18 ^^tt^jift. Mfcafcft 20 

*j£**BMfc*,**-F *4Mt. 20 iMaar ft 16 4*. 

30 tttt&ft&ft W k+ „ ^«#fta£4f-fciria* K„#**jftafcS* 
ft K,. U.fc#:*.AU$4*fft 16 4frife#* 'Ma tt.tifc;8r*,#*'M94it 



mi &&i*bmB i6 .^ai^2t. x k Jk&&^m*t}$iB i6 

tfjmB 16 6$&&8&IS:. 30. 32. 34. 36 . 38. 40 . 42 44 &. 

5 &&1&B> ^^-fe-f- 46^ 48 50 &^&&&j&E> *f J-=£3-#-f- 52 

;Nffi##.*m3S#&#. flbfc#:»Jfc'hl3^i|i^. #JL*,^"*^#:*J^ 
10 &2§ #3$Li± » £*&#rli &i^ft^#}-(tangential 

^&m^ fc-bjt$L#3iZ3L4t& . 

-^-a^^r^J^iil^B^ti:^^^, &&&&&& 

b > &&-&^m&B ; -tL^&JkfemB, ®Tfe&ik%&0T&&&tkm 

30 



a 1 *&?t&*%mB 

8 2**78 1 6^#r3Stf&&ft&# ; 

20 S4*lifflPR(a, b, ajMftd^tWlglit, i£RHimB& &&#J 

S 5 jkg&m PR(a,b,a)^PR(a,b,b,a)^^^^#rt.#rai'JSI*r, 

S6*^^ffl PR(a, b, b, &)£&¥)&#X.ikmB*t, itft$>$iB&&&. 
25 ^^*,^^*A^3«^r*^aitaffl ; 

37^1^ PR(a, b, b, a)3k&Mj&®tbikmBH> 4£m*tjmB&&ti. 

8 8 £fl«t 8 3 6$*&#f£# 112 * <K>3-*&6$&ititfc 

^i^^ma ; 

30 a 9 &£&±&£M%mBtti&foB&ik&&¥j£fc; 

a 10>l:^^±tut6j^^-B^^^|S^^^H^^^«t^$^; 



a 11 &mT&&witi4k&&&&&V)%mB&ft(4~^w*- 

a-12A*J 12C & A 7 g &fcB&$k&&&JlLWithik&, M&M'&in* 

5 ffl 14* A 7 §^^60Mm^lt^Bt{i.^it&^^^E^iJ:^ja:* ; 

ffl 15 ; 

10 a 18A #J 18C *lb7^^ll6t^^SI^^^^^-^t7i&jM#^jt^ 

a 19 *A7itita i6 ft*tt&ikm&femB&H&£&mftfemV] 

15 ^fJ^^SICADQlOO. #**ifSMh#8 102. fo&B 104. 106 
&#*t#:*!8 114 J?a 1 ftrfiibten . 

JMfr*Mfr.*J8 114 **^#^^*^-felM'l±(PRML)6(l«:l&^*J 

So 

#J*», *»*.*M#*Mk3t'18 114;S:PR(a,b,a)j£3!> S'J 8 108 

20 &#fli^iE*»ft +r-51^*.^^^-6tfli^:^^A. fciWJS 108 

*#JKS 4*» 5^it^#ra»I^r^*:AJL^X^-f-y k 1»^a'Ji£^^ + 

#*Mfc«8 114£PR(a, b, b, a)*«!» M & 3*1 8 108 i£*» 

ft t«*»**«,-f»«A^«,-f-i^fll^^A. 3*18 108 &it## 

25 #JKB 5. 6#»7 4llifc^*«**4tJDL#X#*y k +|fc«^*^^ , 

#i*r-f-4-*iA^#4lL*&*t-f-#-Mfc««,+^«,-f-*4 Cfc. &&#fit# 112 # 
fi*ffli^#r8 106*$$*jfcftA. 8 110 #&#^$frlfe&$fc{g. 

W*,. ##fflf-*&«r8 106*$a&&84** &*4fc. 

£ AIL — «*J 8(** dO^-ft^R. & &<$<fc.-rfc;*U# -9-BtJ- , 

30 $ft£fc*8 110iM*##<&*&#fit# 112 + *&$*£#r8 106 

4**ifcifc8##. &&&#8 110^JUL«.^J:#r*18 108 ^rtfc^*.^-^ 



£<V #*JMr<M**.+iUfet***«rtfl^*»« 106#**f&&3S& 

£Titt. 108 ^r*J*.^^ e,^^^. & 

5 ffi PR(a, b, a)£3!6$##*t#:*.lfiB*. *J fiJAU*J#r3§ 106 6<F&ifcf£-f y k t& 

S101. J&5tfc^x£&^#*U& y(t+n-l)^ y(t+n) «$JM***H* 
-fO. *'J^£ft>M£&JM£&# + 6$'*P-- #]*»y(t+n-l), 0(# 
«L S102). Af- 0 -tf— *JM^*«Mt*£i&iE. + fl'*,+ . 0 tf*-*. 

10 3M£&&3t«fc£;$ # + I") fc^ . 4Mfe*-&. 4»*&-jN* S103 t JfcJt y(t+n-l) 
0. ftj y(t+n-l)«t^^:7&iEt lal*,^, rff? y(t^)&^£# ft + f«l fcf-^ 
* S103). ^^^B^-^ilt fi|%,-¥-*P*:# y(t+n-l)^^^4B^L^^ 

^te^r«i#£te6$ife^£(#j&sio4). 

15 *>*£#J& S102 + <«&>t&#&4& y(t+n-l)'h^- 0> S'J y(t+n-l 

^ +f«l'fe,' s p-» ^7y(t+n)«t^^^iLt]«]^ i F-(#^S105).#T*L» S106 
+ , fcaMB&iF *ra*,-?-*PiU* y(t+n-l)#te^#&^{&^lS]tf;l:te# 

<fe6$fc^H&;£ . *»^^#li4ty(t+n-l)#«»y(t+n)^^^'J^0. 
20 S104 ** S106 . $&iMfcS101 *J S106. ^^fT-**#^ 

-ffl 5 **W-SMUB PR(a,b,a)^PR(a,b,b,a)^^6<i^#^#r*J^*f, -ft 
flAUfcUrS! 106 ^^{fcft-f- y k + fc*fc^«;£#r*J^&#-- 

25 ^Jt^/ff^ 3 >M£&*i#iU8- y(t+n-2)^ y(t+n-l)*" y(t+n)*^-«tf. 

Th(->M* S201) . M y(t+n-l)^;t#iLfc*fc^(lN* 

S202). teaHtfB&^ifciE*.*.*,^*? y(t+n-l)^<6>#B&^te^)«l 

#*4fctf fc*iJU£(iN* S203)o 

S201 . y(t+n-2) > y(t+n-l)*» y(t+n) + 6$4£— 4H*-f 

30 « Th , M ^ & £ # /?r # 3 4- ^# y(t+n-2) * y(t+n- 1 )*» y(t+n)*F * -f « 

A Th(^^ S204) . «»J^tf«l^-#«:^y(t+n-l)^^^^«.^'t-f(# 



« S205). %tmte&1~&ft$L*ltL*Pp y(t+n-l)6fj^^S^L^^<t 

# *L*&£(9& S206) . 

S204 +> y(t+n-2). y(t+n-l)*» y(t+n)t6dl 

^-^'hf«&Th. ^.^4.^^.^ S203 S206 <Js > :£&-»M*S201 

EB 6£-&Hfl£&fl] PR(a, b, b, a)*fi6$#M*Jfcfc3«8Bt , #./flJUl^#rB 
106 ^^ibft-f- y k t^^^^^^^^#r«^^^-->h^^^^J^^a 

S o 

y(t+n-l)*> y(t+n)^^*^-h^4.^-f 0(^ 
10 S&S301). M£> Jfc4fc*#4Ut y(t+n-l)*» y(t+u)4$*fc**4lL(jM* S302). 

A. M#*#4BU* y(t^-l)* S303). , fc«jfej6L-F*: 

^Ay(t^-l)^-^^{i^r«]6< f ^<i^^^-«:J:(^S304) iN* S302 
y(tm)^<t^ft^ft-^fi#lt* y(t+n-l)ttte***.. «>j 
15 y(t+n)^ Jt# * fc^(#J& S305) .&£ . &*J*I & ft* y(t+n) 

^^#A^.H*44«^*,«T"fltA(iP-J» S306). *»**>MMMUf y(t+n-l)*» 
y(t+n)^^^f 0. 4.#*i*1lrJBt S304 ^ S306 . *'J*£-!Nfc S301 

*JS306» ^Jtffi^T-^JM**^*.^. 

a 7 PR(a, b, b, a)*2!«$*M**Mfc«*8*, «./?JAU$#r3S 106 

20 A** y k +$kyLMj&¥jSL*> ft *<> fc^tfi£il;&*J;3r&#~^tti££*fe 

*&&m^&&&.ft&& y(t+n-2)** y(t+n-l)¥}&&Jk : &<h J f'£.# J f- 0(#- 
&L S401) . -fe'&TS: . *'J *fc*fc$i#ft* y(t+n-2)*» y(t+n-l)#)$t*i S402) . 
#-#J$&ft4£te y(t+n-l)£#*-^ 0 y(t+n-2)^^^f 0. *»**##:* 
25 *-f 0. M#«*#ft**;ti& IE + *»**#***■?■ 0. 

« t W fc^ - 

*»*J&->h#.#ft* y(t+n-l)#^*m*^Tifr-^^#ft* 
y(t+n-2)# S402). # J-> -*°£:3<.#ft* y(t+n-l)#ft*4i*.-f- 0(^ 
S403). *|J»$i#ft* y(t+n-l)^£;$iE* f«l .Sj#JM*ft# y(t+n-2) 

30 tfiflT— >MMf«* y(t+n-3)<»&5t;$ ft + « *.-f-(lN* S404) . . &»J*B& 



fil y(t+n-3)^-^#<iL^f«l 6^ J: fc^iM* S405) . 

y(t+n-l>«fc£# ft t f«l fc^. #.B.#3t#&4& y(t+n-2)#Tfr-^#£U& 
y(t+n-3)^^7&iEt 1*] fc^(-»Jr4fc S406) . , fcfrl ffi ft *»jE* !■) fc-f- 
5 y(t+n-l)^ y(t+n-3)6(r^^il. JMB&^Hfc ft *»iL * fil 
J3|6$;£te(iNfc S407). 

*>*£j)Nft S402 t^stlff-***** y(t+n-2)¥)i&*m*i1-£.*1- 
*#**y(tfii-l)«$ifcJ*4t. *JL. *t*JH#ft*y(t+ii-2)^«:*'4t^^O(^ 
«KS408)» y(t+n-2)4S5t#.iE + y(t+n-l) 

10 4LJ&6$Jfst#&4& y(t*n>>*Jfc# ft + S409). #r*Jffl-f«i£ 

*» ft + y(t+n-2)*» y(t+n)ttfc-f"i*£* ^ft&^Wr*:* y(t+n-2)*» 

y(t+n)^ ft & f«l 6$ ^ te(#J& S410) - 

S408 *Jfc;tJf«.#£U& y(t+n-2)#&4&#**^ 0. 
IU£y(t+n-2)*fc5t:$ ft * |3] ^^*.#&4&y(t+n-l)^L^^^#&4Sy(t+n) 
15 ^5t#iE*r«lfc^(^Jfc S411). M>£> #r*Jffl^^ft^*i£+ISl«,^ y(t+n-2) 
^ y(t+n)6$ fc^il: > &#B>£-f- y(t+n-2)*> y(t+n)^4a^ ^^tf.^.|5| 
S412). 

•ApJML-£-J& S401 t*fc£.ft > M*.#IU& y(t+n-2)*» y(t+n-l)#3M**.-J- 0. 
^^*»*^^.T^S405. S407. S410 J&l S412, R'J £ 5. S401 *J S412, 
20 Mitm m SL*> ft t IS) S413) • 

a 8 &mi-i+*$:&telL® 3 112 ^^^^UL^itititfc 

*$«Hfi.B — - — - - 

M^^itt^i^^^^^frf-dait^^Tli^^^^s&ii: (modulation 
transfer function, MTF)i£ it » it/* £4$4*#(RF)#-*# x> #.a.^#r 

25 if 106 y> *»ffi 8 ^t*^***** H2 *&*!UfcfclS%lfc-**: 

Weq. ^^^t^iaiiPR^^#I^PR(a,b,a)^PR(a,b,b,a)^^iiitMTF 
it it 65— ^^#©^,M8(non-return zero inversion, NRZl)i£ - i£ 

5.. PR ««##4fcffi*$#M**b*MS8 H4 V3£l£o m 

30 ****** Weq #*S.J|*^^&#J^'fr/7UMT » #J*». £|S:&*1,£# 

15um^30um^45um ^ 60um H . £ is i*}^^ 0.125° ^0.25° > 0.375° 



£0.5°*!-, &##*ft^*#fit£*ft#^ 112 t . 

15nm^ 30nm. AS\im Z> 60nm $te&t, ^WS(7-*b^c)106 

8 /^6<j2rj&#f»]# . £tofa&&%j£M] 0.125°^ 0.25°> 0.375°*' 0.5°Bt. 
5 *$#r3i(7-#»*)106 10 + *S*f-f-#»*ft S ««7* A , 

# ft* at itH 8 /^#>5rj&#*J6(r . 

A 7-*b^c FIR i&&nft&f4*%mn#J&fti*T® 11. 7-#»* FIR tt& 
a^#^^#^*^ftT^X'J^^^^i&^£^t^4*^ K„ ##ffi . 
^ffl ll x^^i^g 106 6-j#rXft4&, y k 4Lir^mn 106 6$#*ft&, 
10 #J. W k+1 ^.^^itge.^^^WH 106 . 120^ 122^ 124^ 126^ 

128 130 £.^3£a&3i. &Jtfa-% 132 ^ 134 ^ 136 > 138 > 140 . 142 144 
4t*&&3S> #JL^^-#-f- 146^^-^o^B. 

S 12A *J 12C ^b^|±^tfe^^^^^^^§^^E^#^^ft^a 
io/^SJt#itg&a*^^a&#£>fc. HS.S., #./fl7PR(l, 2, l)^t!^ 
15 *Mfr*bfeai£ • £4£flJi£&.£ft#ffrXT. >^^^7t^^#|-^>t^^i.j o.5°. 

a 12A sitsc^a^wB^^^^ftBttra)^^ 

20 ft^^^^-f-^^^B^-^^^^^^^^^flS. a 12C^A7 

a 13 14 rr> tb 7 0.5°¥j to 60^m fcf, 

^ii iite m it # |k ft*5U)l## Ms 3S « & ¥} # -5" #3 *t##-i& *(bit 
error rate, BER)*b4£ K\ S £ & ft *f ;>* flfL f, . 
25 a 13 7 iHtfl a &&ft6«Hf/X;teJ:b, £££7 0.5°<K>*J 

#i$i^ftteJij^#3ifir*tf4H**i$ft*. a 14 ^th7^-ft 

fflffljfcjfcfttf'ftaLftJfc. £.££7 60nm ##c&*f, #itS&&ftte/fl^-ML 

#,^^^^^ft##^-i£^^^--^^^]n>-f-a is. *»a 15 #r^, 

30 ft4£#*£-&£-&# ADC 200 ^ #*f##r-# JS 202 * i*J&H 204 . ^#rB 206 
*»##*b&>*'12§ 212. it*#-7t^a 3 ^*6^P#-£tL4bJ51 . S^iH-E^-PI- 



*»EB 11 /*f*» *W2S 206 6$&i&g*&*iIst&iU£fie.l§ 210 tij&SLthft 
5 tefl^iC 1 M^&e,,*^. 

W k+1 =W k + 2ne k .x k -(1) 

n&4*m*# + #0.001). e,,**^ 

10 a 16 *&#^^ B >a^lS:4f#^-i3:^^#--^^^J' 

frKk/temtmn 314» Sift., Tfc-k#JHia 17A *J 17C 18A f'J 18C 
AS 19 ^*^^r^.f>«:$^*^^«:#./^##r*J^ 314 tf&'ft . 
*»B3 17A *J 17C m*> £££7&&tf, *>J#r3f 306 + 

K.#*.*I-f-**»- ffl 17A£J 17C ^3']^&7iL4**&&K <: > 

*#^^i!cK e ^iw^» fc&/^te*]2S314 4&&&&^-?-. 
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